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UGHT-EMITTING DEVICE 
(57) Abstract 

PROBLEM TO BE SOLVED: To obtain an 
inte^ated semiconductor light-emitting device 
capable of emitting lights with different wave 
lengths and forming compactly, by providing a 
plurality types of semiconductor light-emitting 
elements with different light-emitting wave 
lengths on the same substrate. 

SOLUTION: An AIGaAs based semiconductor 
laser LD1 with light-emitting wave length of 700 
nm band and an AlGalnP based semiconductor 
laser with light-emitting wave length of 600 nm 
band are integrated apart on the same n-type 
GaAs substrate. In the semiconductor laser LD1. 
an n-type buffer layer 1 1, an n-type clad layer 
12. an activation layer 13 with a single quantum 
well structure or a multiple quantum welt 
structure, a p-typc clad layer 1 4, and a p-type 
gap layer 15, are laminated in sequence on the 
substrate 1. In the semiconductor laser LD2. an 
n-type buffer layer 21, an n-type clad layer 22, 
an activation layer 23 with a single quantum well 
structure or a multiple quantum well structure, a 
p-type clad layer 24, a p-type intermediate layer 
25, and a p-type gap layer, are laminated in 
sequence on the substrate 1. 
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(57) imm] 

^mi^m^f&m^'tx^^mj-mm^mjs.T^ztizji 

0 0 nm^CDA 1 G aAsl^^29«:#g^^^> ^^m^ 
3t)^6 0 0 nm^®A 1 Ga I nP^^iS<*fg7fe^^. ^ 
*iSR;!)S5 0 0 nm^^ZnS eS^»i*^7t5g^s % 

0 0 nm?3fOG aNI^.¥-2gftf67fc^^''^ h'* 




inmtt^mmm i a&mommm^ma^^^^mo 
G a A s m^^mi^n^m^. a i g a i n p ^.^mt^ 

^S?^ . I I - V I ]R<b^i^^»*^*»*^*^^*5 

mmmo^mt^^^m^ii^A i o a a s ^^mi^m^m 

^:H^JfA 1 G a I n P l^^^^^t-^^^ ^T' ^ ^ ^ h * 

[ii^^5] ±5B»*^«iGaAsSffiT-&t)s ±gB« 

J$$i^c0^a»<*^^^^^{iA 1 G a A s IF.^^I^^Tfe^ 
AlGaInPI^.4^a»*^7te^^*5ctT>'I I-VI 

mm(D^mi^m9tm'?'itA i g a a s ^^mi^^^m 
i-i - vmit'^^^^i^^^'^^i^^^^'?-'^^^^^ ^ ^ 

|f^C0iji2@L^^;^^#^(i a 1 G a I n P ^4^^I*^7^6^ 
I I - V I K(t.'&i|^^2S^*:l^*«*^*^'F^ J^*^' 

g^bi^^. I 1 1 -vmih^^^mi^^^mi^m^mi'X' 



[0 0 0 1 ] 

[ 0 0 0 2 ] 

i;i^)l\f7'7t7'^ 7.^ (DVD) :HXX)^^(D^^m(DD 

[ 0 0 0 3] :L(ODVD{tMmmn'^BX^^tzisb. -^co 
{fi?'JA(ix 6 5 0 nm) ^?:)A 1 G a I n P^;^^4??i*b — 



(2) ' T^Bfl^ 1 1 - 1 8 6 6 5 1 

2 

^fcr»> '>':7-T-{i. «^l6S7?ys 7 O O nmS? ({I?»J^ 
7 8 Onm) <^)AlGaAs^4^-23«^U-1f$:ffil> 

X^^^'^io^y^^^ ^ (CD) -^=:-7^>f;;^ 
^ (MD) ^HS-r-SCifc^^T-^^^o^^c 
[0 0 0 4] ^CTs CCDP^Ii*«i^-r^/ti6J::> 50^ 

6 0 0 nm^OA 1 G a I n P S^^i*^ -if ^^pfeSt 
R;t>5 7 0 0 nmm^D A 1 G a A s b h 

[0 0 0 51 

J;-5^cC^>'-f >7^5^^07^^tf AlGaIn 
Pl^if^ag^tU-if iiA 1 G a A s ^ij^z^f^iu— 1f i:^Dz: 
o(Z)>'^ *v >5r— i^Tb^lSSJ^ tiT i> S d h ^ J: t) > 1^^X*5 

[0 0 0 6] X^fzi^^X. Z.(DmR0:>^mt. DVDffi 

^it£ij|f*:^^^^*tif^t'r S :i h t:: S) S c 

[0 0 0 7 ] J; 13— ^6^^3{i. zio:>%m(o^mt. si> 

[0 0 0 8] 

[0 0 0 9 ] ^^D^0^^c:^^l^T^i^ 

f^Tfe^^^S^ift bT^fe^lx ^l^rzt t^x ^ s J: 9 izu 

-oX l^^o 

[0 0 10] zcoma\z:Hux. mmim<D^^^t^§^^ 

-m^k±izgim^'\t^ztt^x^^]!^^s m^^izut: 
(DXou^(Dx$)':>x^^i^t^. M:it^^iz{ts m^\t. 

Al GaAs^.^-ai*f*#€7t^T-^ A 1 G a I n P ^.^-^S 

im^tm^s 1 1 -V imit^^^m^^^^it^^tym 
I'-^xxfmim^^i 1 1- v]Kfb^ft*»*i^*«f*?6 

[0 0 11] zcomm~'::>o)imt\^umiz:if^i^x{ts 
mmtG a A s ffit£T-3o . mmMo^H^mmt'^m'T' 

50 (i. A 1 G aA sl^-M'-^{*'^e^^^*5ctUfA 1 G a I n 
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3 

P ^ iji a9 ft; #6^^ T >5 c 

[0 0 12] :i(Dmm(Di]k(Dmmmj:mi:i^\^^xit. £ 

it. AlGaAsl^^2*ft:^7fe^^s AlGalnP^ 
4^a»tt:|g?fe^?*3 ^ 1 I - V I JKfb-^^JI^^f^^^^S 
ft^^^^T-fe-So ZZX'. I I - V iJKfb^t?* 

^g^-r ^ I I - V I l^fb^l^^ 
^^*hUT(i. mm^lZit. Zn. Mff. Cd. Hg*5 

IjKtc^^s Se. S. T e^^UOt^^tji;tmJi^m 
Al G a. As ^.^mit^^m^. AlGalnP.^^a* 

1 1 1 -vmit^m^^mi^tl.xi,t. g 

[0 0 14] CICD^0^CDffeCDWSyetl5&MJ-*3V>Tiis ^ 
A 1 Ga I nPI^^2»f*:^7fe^^. 

^mw^if.^m^^itm'^^^^ifmit^^i i i-vKfb 

^ 4^ iji 3^. 4^ 2g ^ ^ ^ ^ ^ ^ o 

[0 0 15] jLv^(D^o\zmwL^^tLZ(Dmn\:i^^m 
izx^^^m^mmmm^rixi^^(DX\ zcommm 

^mit^^^^mtl^^yy'xmf^ir^Zti^X^. Ltz 
[0016] 

xm^^mM\.tjiiy^q,mmt^o tji:H. '^m,mm(D±m 
iz^i^x. m-^tzitMfit^T^^^^iz{tm-(Dn^^i^ 

to 

[ 0 0 1 7 ] HI {^z(D3m(Dm 1 (Dmh^mPiAzx^m 
[0 0 I 8] mi iZTTs-r^oiz^ zomKommmmiz 

aAsSt6 1±lz> ^^'^&mt^7 0 Onmm im^i:£. 
7 8 0 nm) (DA 1 G a A s ^.^^^9* 1f L D 1 
§t^)JjiW<t^e 0 0 nm^^ (m^i^. 6 5 0 nm) COAI 
Gal nPIF.^^«9(*^U-if LD 2 ttK Soic^JIL t 
ttl^T-mffifb^tl-ro-So nS'iGaAsJii^l^ IhLX 



(3 ) * 4^IB^ 1 1 - 1 8 6 6 5 1 

4 

li. «»Jx.«. ( 1 0 0) ni;5(4*^-rs*>©-^. (lo 

0) ®;t)^?>f?'Jx(^ 5- 1 5** LfcBS^&iffl^ T -5 

[0019]AlGaAs IF.^zgf*: -if L D 1 
Tiix nSGa A sStfe 1 ±K:, nMG a A s ^n' *y 7 7 
@1 K nSAlGaAs^^^:/ KUl 2^ 
P (SQW) gii^;^c«i^Ma^#P (MQW) 
fSttiil3. pSAlGaAs^^-;/ HJil 4*)J:i>'p 
^G a A s »y 1 5 Tb^Hi^igB^ttTl^So 
;(? AlGaAs^^>yK®14 ®±a5*5ctt>'p MG a A s 

1 5{t'-y5\^izmv^^7.v^^ym^^^t 
^Sii*^^BfiR^nTv^€>o h^-r rs^ttcop^G a a s 

:^-\-^>7'S 1 5 ct-^^'n^G a A sm^5^^^® 1 6±t:: 

{tpmmmi 7 t^s pmosLAs^^^^ymi s t^t- 

^ y^=i>^^h UTS^t4>tlTl^So pfiOmfig 1 7 h 
LTii. ^iJ^i^T i/P t /Aum1l7i)^ffll^^n'6o 
[0020] AlGal n P ^^-agft: l^ — if L D 2 
20 l^Tt^s nMG a A saiK 1 ±tCv n^G a A s ^n' 7 
7^)12 K n^A 1 G a I n P ^ Kil 2 2 . SQW 
«ii^;fe(iMQWlgigcDfStta 2 3. pMAlGaIn 
P:57^ Hg2 4. pMG a I n Pcfr^S 2 5 *5ci:i>«^p 
MGaAs^-^ r;i2 67b^]li»:S/i^nTl^So 
A 1 G a I n P ^ Kil 2 4 (D±a5. pSyGalnP 
^mm2 5 :jr^^UpmG a,A s^^ yym2 6{t—:^fRi 

mmcDU^lzUnrnG a a s ^^j^23^9pJi 2 7 t^^il- h ix 

30 7. h^-f 7-ff^tt®pMGaAs^^*;/7';i2 6:feJ:t>'n 
§yGaAsmv^^3^^il2 7±lCiipffliim^2 8*^ p^ 
GaAs:^-^^y r/i2 6 h:^— ^ ^ ^Z3>^ ^ h Lxm 
{f^tiTl^So p#jmeB2 8 i: LTii> <^j^(^Ti/P 

t / A um<2§;^)^ffit^ ^:fX'i)o 

[0 0 2 1 ] nS^GaAsSIS 1 cr)3IStC(i n1Mym«i 2 
9;^s ZO:>nmGa.Asmmi t:t-Kyi^::s>^ ^ h 

{i*AuGe/N imfii^I nmeg;?)^^ t% ^> tiSo 
[0 0 2 2 ] CCDii^. A 1 G a A s l^^a»{*:lx-if L 
40 D 1 OpfJjm® 1 7:fecJ;t>'A 1 G a I nP^.^a»f*b- 
if LD 2C!)pffiym}12 8«*. ^^•^'^r-i;^-;:^ 3 0±{C 

His H 2±^c^n^n{i^;^c^^(f ^nTc^So 

[0 0 2 3 ] ±i!EOctdt::#lfi£^tifcc:cD^ Kommm 

miz ^ ^mmm^^miti^ --^'mmiz :Hi^xit. pmmm 
1 7 ^nffiij^ei2 9 tomiz'mm.^m-ztiz^i:) Ai 

GaAs3^>^^f*U-if LD 1 ^^mthZtt^X^. 

pmmm2 8tnmmm2 9 ta:^m{zm.'(^,^^^ttztiz 

ct ^} A 1 G a I nP^iKiSif*l'-if LD 2 ^'SB©j1-SC 
5i? i:7!)iT^S tI5&oTOSo ^-LTs AlGaAs^f. 
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i)£^<2i3:i.-if LD 1 ^mmthztizx 0 ^mi o O n 

mxU. 7 8 Onm) 69U-if7fe*9tt>ttl-rc:i: 
t^X'^. A 1 G a I nPI^4^z9ftW-if LD 2*1^861- 
i>C i:ic J; bSfi 6 0 0 nm^ 6 5 0 nm) 

0 b — if A tB-r c i: 5bST § S «t 9 ^/^ S o 

AlGaAsS*a*<*l--1fLD l^i&ift-ri)*>s Al 
Gal np3F.^ai»b-if LD 2 ^iEi&f 'S)3t)^©iitR 

[0 0 2 5] ^-r. H2lC^N-rci;^{C. nS^GaAsS 

mi±iz. mxi,t^n^mih^m,m^Mi (mocvd) 
mxuB 0 o'^cm&oj^mum.X's n^Ga 

As>'^''y 77/1 1 Is A 1 G a A s ^ ^ 1 
2s tSt±®13s p^AlGaAs^^'^' KSl 4:fecfc 
Z>'pMG a A s 1 5 ^iii*J5)o:^^-y-^o 

[0 0 2 6] m^i.tCVI>mz^^ pMG aAs 

^^^yr® 1 5®^cilc««Jit{i S i02 J^-^S iNmta 

[0 0 2 7] *tCs 114 c^-Tct ^ ic> mmms i 

::^^iiUTW^«^Sf&11>< :j*->3i^:/^>^* (RIE) & 

J: t> pS^G a A s 1 5 s pS^ArGaAs^ 

^ ^y KB 1 4 s rSilil 1 3 s n^A IGaAs^^^:^ K 
8 12 *5<tt/n^GaA sy^^y 7 rii 1 1 ^Jli*x>y^ 

[0 0 2 81 mSC^N-Tct at^is ^fel^BMS 1 

>^^hLTs -^Jxi^MGCVD^StCcfcOs ±«lv©x»y-?^ 
^m\h\^fznmG a A s^^S 1 (DUmznmG 
aAs^N'y 77/12 Is nS^A 1 G a I n P *y K/i 
2 2s tSitll2 3s plgA 1 G a I nP ^7 ^ 'y h'Ji 2 
4s pMG a I nP*r^® 2 5 ;fc<J:l>'pMG aA s 
^yrii2 6 *5ij;^^S^-ti-So 

[0 0 2 9] ^{C. $ejgjg3 1 ^xy5">^P*^L:^c 

Its (?>J;tli*C VDftlCcfc t) pMG a A s 1 5 

^pJ:tKp^GaAs:^i' -y 2 6 ©±0u{^<^'J;li^ S i 

02 m^^s ±nm:Uifom.mm (n^x-y-r) ^jp.eJcL>fe 

'^s c:cD«liIi<^:3^'y^>^'ic J: K^W\'S.y5\^\zWV^^m 

LT^^ix.<^'::7x.y V3L^>j^y^mz^ 

0 P^A IGaAs^^y K/Sl 4 ^^cfcl>'p^A 1 G a 

1 nP^^-y l'e2 4CDjf ^;i5lq]£5D^i*CQi?!i^^T-x-y 
^> yT^C^lc J; Os I116iC7fx1-<toC. plS^AlG 
aAs^^-yKlgl4 c/j) ± fif. :}S ct p 52 G a A s ^ -^-y 

rsi 5$:;^ h "7 ^ rmmz^'^^ '/r 



( 4 ) ' 1 1 - 1 8 6 6 5 1 
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tc. p3^A 1 G a I n P ^ ^ 'y h'l 2 4. p^Galn 
P*F^e2 5;|oJ;Z/pS2GaAs:^-^'yra2 6S:;<h 

TX>>hbTs CtDT. b^-f rgecDiliBt](Oge^tCs SSI 
fi5tcn§?GaAsSi?^3*^S 1 6s 2 7 /cCS nS^ G a 
A s /i 3 2 ^iSWMS^-y-TStoiitfo 
[ 0 0 3 0]«t::s CfJOl&i^fii*:^ y ^'[JJ;^ Lfc 
^s p^G aA s:3r^ *y 1 5s 26^ctl>'n^Ga 

A s/i3 4±ic w^'py ^ —IzX^pJi^yDmzmrf^ 

mz. m^\tm^^m^^'^7./^-jf^v>^m\z^^±m 

{CTill^. P t !Ig:joJ:.t>'AuM^)(i*ff^fiE-r^o *iCs 

tm^^v'Aumtti)izm^'r^ ivyi^^y) o z 
nizx-DX. mi izTTs-rxoiz, pmmmii. 2 8*^ 

[0 0 3 1 ] mz. msiZTr^-r^oiz, pmmmi 7s 

2ScDmo:>^^^Z:Hif^nmGa.Asm3 4. pMA 1 
G a I nP ^-^ y b'/i 2 4. tSttil 2 3 . n^yA i G a 
20 InP^^^yb'B2 2*5«tl>'n3yGaAs>'^'y77S2 
1 ^x^y^V^^P^^-r^e 

[ 0 0 3 2 ] *ils nMG a A s^^S 1 (Drn'mizmXil 

[0 0 3 3 1 *{::s ±^(D^'^iz\^x\y'^'mi^m^m 

^titcnmoaAs^m 1 ^^^-^izmmLxM^m^ 

30 Z(Dm. LTf^^>n;feu-if5"u/7'*>'^^y^ 

[0 0 3 41 i:X±©ctd{^s CCDS 1 
««^^»fls:l^-if^®C<tn{^. '^^a:^7bS7 0 On 
m^CDAlGaAs^*«»l/-ifLD 1 t^^y&mt^ 
6 0 0 nmWCDA 1 G a I n P ^s^aif* U -if L D 2 h 

M D ffl CD U -if ^ ^ ^ S I 3(4 JCIX !9 tb -r :i a ^T' § 

m(D^^\f'y^Ty7'izu-if^i&t Lxmmt^zt 

40 {Z<^^s DVD. CD^^XfUBO^Wi'tiCO^^^tzit 
leii^ pTflfe^^ct-Se L:i{?^^^s Ctli^^A 1 G aA s^s^ 
^gtf^b-if LD 1 *5J:t;fA 1 G a I n P^^liagfrU-if 
LD2lis (5l-(DnSG a A sS*S 1 ±Jc;SR^n;t^^ 
<t D -if :JxT ^ C i: ic s 

C CD « « 52 ^ «S b - if ^ @ 0) / < ^y ^ - i-' i i - o T- ?S 

Jrb'^T b -y ^ T -y r CD 'J^S fb ^ D i> C ^ ^^T' # s t 
-:> T D V D it 'J V 32 ( b ^ S S C h T ^ S p 

[ 0 0 3 5 ] m9{tzo:>3mo:>m2o:>nm)Ymiz^7^iM 
50 mm^\-m^i'-'^'fm^7f^to 



7 

aAsSffil±iC. |i^i$g:^7 0 0 nm^ {mt\t. 
780nm) CDAIG a A s Ifi^zg^* b -1f L B 1 
%7feiS:^3?)56 0 0 nm^ (#JAti\ 6 5 0 nm)cDAl 
Ga I nP^^SIftl^-tfLD 2 «*iS^?bS500 
nm^ («?iJx(^v 5 1 5nm) (DZnS e^.^mi^\y- 

ngyGaAsSlfil i:bTl^. m^\t. (1 0 0) ffi:^ 

^^mirht(D'p. (10 0) miy^^m^iitb-- 1 5* 

[0 0 3 7 ] Al GaAs^^3|i{*U-1f LD 1 
Al Ga I nPIF.4^?a:i*:l/-1f LD 2«is m lO^mm 

[ 0 0 3 8 ] Z n S e^4iaett^l/-if LD 3 ^^^V^T 
ii. nMG aA sStS l±i-> nMG a A s 7 t 1 
41. nMZnS e>''«»v77S4 2. nMZnSSeM 
^>'7rS43^ n^ZnMgS S e F84 4x n 

^Z n S S e^aS^;i4 5. i^]^i,^Z n C d S e ^tji 
-5SQWSii*7t:iiMQWMii©l^t^ii4 6. pMZn 
S S e^a*?6)i4 7s Z nM g S S e ^ ^ h'H 4 
8. pMZnS S e:^-^^yni4 9 s p^ZnSer3> 
^^hiiSO. pMZnTe/ZnSeMQ W ii 5 1 4b' 
J^LFpMZnT e rav^J'^ bS5 2 mW^mm^ tlX\.> 
p^ZnS S e^-^^y7'/i4 9®±^. p^ZnS 
e:3>^^hJi50. pMZ nT e/Z n S eMQWH 
5 l:i5J;t5pMZnTe:3>^^ MIS 2 <i— [q]tcM 

0^0 ;^ > :7-Jf^^C7;)p^Z nT e =r >^ ^ hJl 5 2 
:J=5cl;mfe#Ji 5 3 ±tC{iptJI|^I 5 4 t!)^ pMZnTe 
r;>i5^^hS52 ^> :3 > h U7:i^(t^)ti 

Tl^So piBijm<3i5 4 ilUTtix «^J^«Pd/Pt/A 

[0 0 3 9 ] nrnGaAsmiRKommizii, miom 

[0 0 4 0] Z,(Dm^. A 1 G aAs^.^-zgftlz-^f L 
D l<Dpmm.mi 7 . AlGaInP.^*?*^*l/--tfL 
T>2(DpmMm2 8*>J:t/Zn S e m^mi^U-ITh'D 
SCDpmm^S 4 (is y^-y ^r-s;^-;;^ 3 0±{CSO(C 

[0 0 4 11 ±,j^<D^oizmf^^titLZ<Dm2(Dmmm 
mizj:^mmm^-mt^\^'-^^mz^i^xit. pmm.m 

1 7 hn{nijm}i2 9 t(Dmzmm^^M.t Z tizJi ^ Al 

GsLAsmH-m^\y—^'L'D 1 ^mmt^z tt^X^s 
pmmif&2 8tnmm&2 9 ^cDPcgiim?£^:aci'c hie 

D A 1 G a I n P^.#29f-4iiL'--tfLD 2 ^' s;^ iDij 1" ^ C 



(5 ) • 1 1 - 1 8 6 6 5 1 
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m.TZt\z^^ZnS em^-^f4^U-if LD 3 *ll514-r 
^Zti^X^i>^olzrji^Xi^^o -eUTx AlGaA 

si^i|t^(*:i^-if LD i^mW)ir^:itiz^^^mi o 

Onm^ 7 8 0 nm) (D U -if ^t^^ b i±it 

dh/j^T^s AlGaInPl^^aett:i/-1fLD2*iE 
®-rsc:h(c.tt)iKg6 0 0nm^ 6 5 0 n 

m) OU-V'^^m^l^rzti^X^. ZnSem^m 
<*U-1f LD 3 ^igift-r^ClittC J; 0iS:^5 0 0 nm^ 
{mt\:is 5 1 bum) (DU-^^i^^tiU'TZti^X 
10 ^^Xo\ZfJ:r>X\^^^o A 1 G a A s L 
D Hmmt^iy'. AlGa I nP^4#<*:U-1f LD 
2 ^gi!j-r^;!)^s ZnSelF^4^3»fr^— tf LDS^igft 

[0 0 4 2 ] *i::s ±v!^(0^oizmi&^titz:i<Dm2<o 

mmmm\zx^mmm^mi^\y—^'^E.<Dmmy3mzr:> 
h^xm.mt^o 

[0 0 4 3] ^-Ts H 1 Otc^N^-ciiotCs n^GaAs 
S^^1±IC. j^iJ^ii'MOC VD^itCJ: »3s ^J;^{^8 0 0 
20 'Cm^(D^^Um.X. nMG a^AsJ^^yy rmi Is n 
MAlGaAs^^^v h'Ml 2s rSttglSs pMAl 
GaAs<:7^>;; KUl 4 4octl>*piyGaAs^-V^y 7*/i 
1 5 ^llga^JEigS^^So 

[0 0 4 4] «l3s «f«J^<iCVDS{Ccfc b pMGaAs 

m 1 5 <D±mizmxits ±02 m^s i nm^^ 
tiommms :zmtmm3 i^o^^^ 

[ 0 0 4 5 ] mz^ m 1 1 {c^N-r tZs ^fij^M3 1 ^ 

m'^0=^y V:3Ly'^>'!/m\z^^ piyGaAs:3p^^yr 
1 1 5s p^AlGaAs^^-y K/l 1 4. tSI-^l 1 
3s nl^A 1 G a A s Kii 1 2 4^cfct^'n^G aA 

[ 0 0 4 6 ] ^^:{::s M 1 2 d^s^cto iCs ^fei^Ii3 1 ^ 
v;^^^hLTs j^OX-i^MOCVDJiCJ: !?s ±3$©^: 
f- > ^ ct t) S tB b n M G a A s S 1 CD ^ ® l;: n ^ 
G a A s^N'-y 7 r/i 2 1 s nS^A 1 G a I n P ^ ^ ^y H 
®2 2s rS11M2 3s p^A 1 G a I n P t> Kii 2 
40 4s pS^Ga I nPt»P^^2 5fc*cfctJ^pSGaA 
•y 7*1 2 6 ^illfi^^:l^-t^^o 

[0 0 4 7] »lCs *ej^M3 1 S:3i'y5^><>l^^L;^c 
tis «^J^l^CVD??stiJ:D p^GaAs^r^^vT-ll 5 
^5<t^>-p^GaAs:^-^'y7'll2 ^0:>±m\zmUtS i 

\k. zo)^cmm.^:^y'^^^y^\z^ ^pr\'^i5mz-^vf^w\ 

:^il^(D7.h'p^ rm^iz^^^-^^^'^'t^o mz^ ZCD 
mmmi:'^7.!P tLX pmAlG 8lAs ^ kjii 4 
^XUpi'iiAlG a, I nP^^-y K®2 4 CD i?- $ IS] t?3 

50 m^^oy^^^^xx.y^^vt^ztiz^i)^ mi3izn^ 
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-->>5'*1-Shi:^tc. p!^A 1 Ga I nP 

2 46D±g5. pSGa I nPcfiHJi2 5t5J:z>-pMGa 

:7-g|jcO(!SfiiJcDgi5:9't::. giS^lfitfi:: n^G a A s miR&.^m 
16. 2 7 ^35:SnMGaAsJi3 2^31tf^^S^ii-T 

[0048] [114tC7fNrci:'5{::x p^GaAs 

y^mi 5s 2 6i5ctZ>'nMGaA siiS 2®:i:ffi 

ic^y^j^s i02 m^s i NM^ci:©«gSM3 3 ^jfm 
[0 0 4 9] mi 5iz7j<TJ^oiz^ zcommms 

>^*^£-^'j7 3iiy hai-;5^>^>*JSi:: J: t) nMGaAs®3 
2. p^AlGa InP^>^^y H®2 4s fS1*li2 3s 
nMA IGalnP^^-;; K/i2 2:feJ;t>'nMGaAs 

[ 0 0 5 0] m 1 6^^x^<i:dtc. mxit^^m 

^ne^^fy- (MBE) ^itcict ^Jxf^ 2 8 O-C^iJg 
CDJ5£S?gJSTs $fi^M3 3 ^ x'P^^^ UT. nMGaA 
s/^^)/ y tS4: 1 s n^ZnS ev'^^y^r® 4 2x 
Z n S S e y'N'^y >^ Til 4 3 . n 32 Z n M g S S e ^ ^ 
K;i4 4. niyz n S S e7fea»»g4 5. rSl^g 4 6 . 
P^Z n S S e7fc2»iSJi4 7. p^ZnMgSSe^^ 
•yKil4 8. p^ZnSSe:^-^^y 4 9s p Z n 
S e hg 5 Os p ^ Z n T e / Z n S e MQ W 

Ji5 l:feJ;rJfpMZnTen>^^hji5 2 ^m».mm 

[ 0 0 5 1 ]*tCs V^J^'py >( -izji^s pMZnT 
e :3 >^ hB 5 2 J-:i.^tDgi5^©aM*Sl>s p 

> (H^Ni^-T) ^W^JSLt^o mz. mi 6iZ7rsT^o 

iz. ZCDUi^T. h^^^->^^::^^ tLX pmZnS S 

nS S e^-v^yrji4 9CD±a5. pMZnSe:3>^^ 
bilSOs pMZnTe/ZnS eMQWJiS l^ctt>" 
pmZnT ezi> ^ 2^7. Y ^ ^ rW^^lZJM^ 

[ 0 0 5 2 ] mZs Z0:^Jiy^>iflzmi^tzl^i^7. h 

•y^ 'j>^'mzj: D Ai2 03 m^±mizmm.Ltzi^. 

VVTs V )^^-^^-^^(Ol,\ZW.TAtiXfzh 1 2 O3 

i: St (cP,i^^1-^e •itiCctoTs X b 7 Y 7"glitDfiiSinijc73 

[ 0 0 5 3 ] s %%mm. 3 3 * y ^ > >:^l^-i^ L fz 
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ifes 0 1 8lc^^■r«t otCs ^ 1 OUSEJfi^hlHitatc L 

Ts V 7 h7r7ii{C,i t)s A 1 G a A s.^^2*{*:U--if 
LD 1 ®fi?iJ;t«T i/P t /Aumfii©J:^3&:pil@fig 
17s A 1 Ga I nP^s^agtt:U-if LD 2©fi?y^l^T 
i/P t /AumilOJ;^^^ p#JISfii2 8s ZnSe^ 
4t?»«;b-1f LD 3 0fi?iJx.<^P d/P t/Aum«|CDck 

•p^ct pffiijmiss 4 ^jf^fijc-rso 

[0 0 5 4 ] »:tCs mi 9tc^-rJ;9{Cs pfiom^S 1 

7s 28s 5 4(DPacDa5^tC:fcltSpSZnTen>^ 
^h;i52s p§^ Z n T e/Z n S e MQW/15 1 s p 
^ZnS ezj>^$7^ hgS Os P ^ Z n S S e r 
®49s pSZnMgSSe^^':;KH48s p^Zn 
S S e7fe«iS/i4 7s rSSH46s nMZnSSeTtii 
i$ii45s Z nMg* S S e ^ ^ KB 4 4s n^Z 
nSSe-/t»;/7rS4 3s n5yZnSey\*':y7rS4 2 
isct^/nS^G a A s v'N'-j/ 7 T'ii 4 1 5^ >yp^^-r 

S o 

[ 0 0 5 5 ] ^tCs nS^GaAs^tS lCDS®^3^Jx(^ 
^^^^^i-^;^>'^ ^ U >^'?£tCct 13 AuG e/N 

^lnK^^^1-sc:i:{CcJ;t>iHPjjmeg2 9^?T^j5g-r 
[ 0 0 5 6 ]^J^tCs ^Lv^o:>^o\z\^x\y-^'m^^i^m.& 

^tlfcnS^GaA s^ffi 1 ^^'^-tttC^M LTPfttS§S 

::'c7>^^s z<ox.o\z\^x\%ht\^fz\y—'^^^)fy^)\^if^ 

[ 0 0 5 7 ] z,<D'm2(D'mm5\^m\Z"^^%^m.^m%\y 

-1f^S{Ccttiti\ ^^?S:^;i)^7 OOnm^CDAlGa 
30 As^^?»f*:U-if LD 1 h^^?ft:^:bi6 0 OnmSCD 
A 1 G a I n P^##f*l/-if L D 2 h^Tb^:^:^^ 5 0 
Onm^cDZnS e ^^^g^* b -if L D 3 ^^^^-T-SC: 
i:icJ:»3s D VD^CDb— -tf^h 6 0 Onm^i: 5 
0 0 nm^i:c7):raMcDr-S:^a)^c^^?xt)aj'rc: h^O^T 

^Si:^^tCs CtL6CD^-"1f7te^(il'bji(CCDi3«fct/ 
MDffl® U-if^$rlil3 ttl-rch:6ST-t'2)o -^LTs C 
c^ftS^y ^zS^ft- b — if D V D^M©^^ b: :7 
•;/7-tCb-1f3feii^i: LTiSttr-SChkiJ; t)s DVDs 
C D *5 J: t/M D <D I ^ -rncDH^E * (iSeti St Rlt^ ^ ^ 

L/b^*)s Ctie>^^)A 1 G aA s^^2g^*U — if LD 
Is A 1 G a I n Pl^^iS{*U-if LD 2 ^J:t>'Z n S 
el^^2§f*:b— if LD 3iis P)-© n M G a A s StS 1 

i.\zvA^^i\fz^m{^m\z^^ \y-^'m'^m^i&'^i\x 

OSCliilCctOs CODft|g^iii2»t4:U-if^a(3D>'^-v^ 
(b^L'SSC i:;biT-§s L/i^bioTD VDi^ni®'jN§yfb* 

[ 0 0 5 8 ] [212 0{i::c7J^fil![jc?;)iB3cD3l/jl!i)f^Sg(i^-5 
ill© 52 U - if ^ fit * Tfx 1% 
5^? [0059][^20 (C^nI* ct o iCs C co?B 3 co^l/jlliJFerii 
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S i C^tS 2 ±(c. 7 0 0 n 

(€»JA«. 7 8 0nm) ® A 1 G a A s l^-N^^Sft; U 
-ifLDlfc. fl^ift^^e 0 0 nm?S («^Jx.(i\ 6 5 
Onm) (DAlGalnFm^mi^U-lfL'DZ §t 
^r^mifi400nm^ M^it. 4 10nm)©GaN 

[0 0 6 0] A 1 0 aAs^^2|E#:U-1f LD 1 *5Jtyf 
AlGa I nPm*29<*U~1f LD 2ii. ^ 1 (^^Sfiff^ 

SIT if i: I^lli ^ « 1- >5 o 

[0 0 6 1 ] GaN^.^aSi$^l/-1f LD4tC:fel>T{is 
SiC^tS2±iC. GaNVN'^y 7786 1. nMA 1 G 
aN>j7^^y Kii6 2. nSGaN^^ea^® 6 3. ^?»J^«^ 

1 nG aN:6^^:^dt:&MQW1iii©T^§ti® 6 4^ pMGa 
N7tea9Mii65. p^AlGaN^^>y Kite 6:fcc^;t>' 

^GaN3>^^ hme 7 ±iz{tpmMm6 s^^i-— ^ 

[0 0 6 2] S i C^tg2c7)SBiC(in«!imeS2 9;bi> 
CCDS i cm^l t::t-l Y LXm^ htl 

x\.^^o z(Dnmmm2 9 t{.xi,t. m^UT i/ai 

[0 0 6 3 ] ZCOm^. A 1 G a A s ^^aJ|f*:l/-1f L 
D l<Dpmn,mi 7 AlGa I nPI^-H^^tt^b-if L 
D 2CDpffliJ^eS2 8*5J;ZJfG aN;^*?!|ftb— tf LD 4 

t3Dpfpijms6 8(i. -v'^'v^-y^— ;^ 3 o±izm^izm 

2 cfc TJf H 3 ± f w tl ^ tl « i ^ 5^c ( \M t ^ tl T I ^ S o 

[0 0 6 4] ±^(DXdizmf&^titzz<Dm3comMm 

1 7^nis!jmi3i2 9 t<DPsiznm,^m.rztiz^i^ Ai 

GaAs^4izef*b-if LD 1 :^ig@)-rs C h^^-f^, 

pfpijm® 2 8 ^n^ymfii2 9 ^or^icmrj^^^j^-r:: ^t:: 

<^*) A 1 G a I nPl^^agi^il'-if LD 2^mii)1*^C 
h*>T'^. piKymS 6 8 i:nfflijmei2 9 h<7)P^{cm»[* 
mrztlz^^ G aN^.^igtt^U-if LD 4 ^1^1*^^ 
C^;!pT- t -5 (C^C^Tl>-&o ^LT. AlGaAs 

^.^Lmit\^-^'hJ) 1 ^igid-r^ciiitcj: >3ffi:i7 0 0 

nmB (mXit. 7 8 Onm) (D -V'^^m^ lUit Z 
tffiX^. AlGa InP^*2g{*U— tfLD2^iEfflj 
t^ZtlzX^'^}kM:6 0 0 nm'm WXlts 6 5 On 
m) OU-if^^^XDi±\TCh)()^T-^s GaN^^^3gf* 
U-if LD 4^^il;'r'&Ci:icJ; l5?JSft4 0 0 nm^ 
mXit. 4 1 Onm) 0U-+f7\:^I[XO/il1-Ch^T 
ct OSo A 1 G a A s^5i<^2»i5^W-+f L 

D 1 S:Sg®j1-^;^P. A 1 G a I n P^^UQf-'tiU-if LD 

2 ^SgiIi/j1-^o;()\ G aN^^P-ifi(f4.;b-'9-'LD 4 ^mmt 
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Ztt^X^^o 

[0 0 6 5] dl^. ±m<O^o\zm&^tltzZ(O%3(0 

nmw^m\z^:bmmm.^m^\y-^r^m.(om^^i5'^\zr> 

\.^xWimt^o 

[0066] Ip.r. m2l C^-Tct^iC. S i CStS2 
±tc. ^^J^ti'MG C VDSt J: t3^ nSGaNyN'«y77 
/i61. nMA 1 G aNd?^' ^y h'/i 6 2. n^GaNTfc 
aSStiie 3. ?Sti® 6 4. pMGaN^2»?g/i6 5. p 
^AlGaNiJ^^^y KJi6 6*Jci:t>'p^GaNrJ>^^> 
10 M6 7^)!i*fiefi^ii-^o ::CT% In^^tf^^f* 
STfe-S^ttiie 4©^fiSSiigiJx«7 6 O'^CIiJSi: 
Us I n*^S5^^lAnSGaN/N-^y7r/i6 1. nSA 
1 G aN^^ 'y 6 2s n ^ G a N:)feaSJ^^B 6 3 . p 
MGaN7fe*?6ii6 5. pM A 1 G a N ^ 7 ^y Kii 6 6 
*3J;D^pMGaNn>^^h)i6 7 cDSSSffiJi^ti 1 0 0 

o-ciijg^-r^o 

[0 0 6 7] dl^. mXit CV'Omz^ t? pMG aN^ 

>^^hme 7 (D±'m^m^its x 02 m-^s i NM^^d^ 
20 >^\z^Kif^^y5mz^u^m^mo:>:^Y^^ ym^\z 

[0 0 6 8] 'AlZ^ 112 2iZ^sTXoiZ^ »g^^3 1 ^ 
v;^^ ^ \^xmX{IR I E^iOct-p?^ Ji>y ^>^' 
ffiliJ: t) p^GaN3?>^7^ h@6 7. p^AlGaN 
^^'yh'J16 6. p^GaN^ag^Jie 5. rSI^Jl 6 
4. nMGaN7fe3i^il6 3. nMAlGaN^^^yK 
Be 2*5ctU^nSyGaN^^'y 7rJi6 1 ^Hiftji ^y 

[0 0 6 9] ^J^tC. 112 3 t^7f^TcJ:•9tC. ?i;MtM3 1^ 

^>^lrct (J^tbLT^cS i CStS2coa®JCnSG aA 
sJ'^yyrmi Is n^A 1 G a A s ^ 5^ >y 1 2 . 
r£t±igl3s pMA 1 GaAs^^'^y H/i 1 4^^J:ZJfp 

SGaAs^A' ^y 1 5 ^mn^m^-^^o 
[0 0 7 0] mz. mmms i ^^x^v^v^-p^^lt^c 

^s ^2 4lC^N"rctotC. ^?tJx.{i'C VD^^ilCct t) P^G 
aAs^^i'^yr^l 5*5J;i>*pS^GaNrj>^^h/i6 

7cD±®tcf^iJ^i^S i 0 2 lli-^S i NM^'c^ ^'cD*fi^iM3 

4<? \^\zmif^m^m<D:;^h^^rmmzj^^-=->vt 

^ o 

[0 0 7 1 ] ijjic. 13 2 sizTf^t^oiZs zmmms 
3^-^:^^tLxpmGa¥i^>^!7 vme 7 . pmo 

aN7t3S^j£/i6 6. <'Sttli6 5. nMG a N^^giSii 6 
4x n^AlGaN^^ y K/i6 3*5J:t/n?SGaN>'« 

•y 7 T/i 6 2 'Vf-> ^7i,it^-r^, 

[0 0 7 2] ;*lCs El 2 6{Z7j<t<iioiz. imm3 3^ 

f-y'/iz^omthLrz s i c-mR2o:^m\!\\iznmGaA 

50 s>'Ny 7 Tlil2 1 . ni^A 1 G a I n P ;:7-7 y h'li 2 
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2 s 23. pmAlG Si 1 nP ^ ^ VmZ 

[0 0 7 3 ] imm3 3^:^y^y^'m^\.fz 

^'{7 vme 7(o±miz.m^its i 02 m^s i i^mt^it^ 

A 1 G a A s ^ ^ KB 1 4i3Jii;fpMA L G a I nP 

t^:itizX^. m2 7 CfrstXolz. pS^AlGaA 
s^^y K/i 1 4C!)±a5*5J:U^pSG a A s 'V^^ 
1 5 h 7'?f^ttt3^^:$'--><^'-r^ ^ ^^blC. p 
^AlGa InP^^^;; b'ji2 4(D±B&s pMGaIn 
Pi^r^g 2 5*5J:tJfpMGaAs:^-\' r® 2 6 h 

lcn^GaAsmat»5gg 1 6. 2 7 ^ n^G a A 20 

s ji 3 2 ^mtRjs.^^'^xm^^^tso 

[0 0 7 4 ] mmm^ 3 ^:3^>y5^>^l^*Ufe 

EI2 8{c:TN-ri:-5{::s ^ 1 b 
Ts U 7 h::t7^t3j: t)> AlGaAs^^29f*:b—tf 

LD lomxitT i/p t /Aummcoji^upmMm 

17. AlGaInP^¥«i*:l^-1fLD2©0iJ^i^T 

i/pt/AMmm(D^'^tiipmnm2s. caN^^ 

z|Cf$:U-if LD 4 CD^j^ii'N i / AuMmcD tJi pM 

8 ^?i$^-r^o 

[0 0 7 5 1 «tC> m2 9lZ7r^TJ:^oiZs P#J^«S1 
7. 2 8i7)r^tZ)§P^^*cJ;t;^P#jm|55 2 8 iipMGaNn 
hji6 7 hCDf^(DS&^lC:Jol:^i>nSiG aA sli3 
2s p^AlGaInP^^'yKJi24s i-SttJ12 3s 
n^AlGaInP^^'Vh'H22^DJ;U^n^GaAs 

[0 0 7 6] «tcs s ic&^2 0mm izm^iitm^m 
^titzs i csffi2 y^j^-mzmmi.xm^m^^m^ 40 

ff^fiJcLs ^ ^ tec tl^cD^J^fgiS® (Ciffl 35:3 

ft s C CD cfc O IC L T ?f ^5 n i) V - tf 5" 7* ^ ^ ^ - V 

[0 0 7 8] z<om2ommw^m\zxh^mm^mtv 

-^'mm.\zXi\{t. mi\J^^i)^7 0 0 nm^ifOA 1 G a 
As^i|^-?S<*:U'-ifLD 1 t^t^^&F^t^ 6 0 0 nm^ffCD 
A 1 G a I nP^.-f-«f*b-if LD 2 h ^5g-)t;J$K;i)S 4 0 
0 nm^gcOG aN^^i2©f^b--t^*LD 4 t^1^t^Z,t 
Ccfct3s DVD«3<?:)U-if^hLTvlii-^6 0 Onm^gh 5(? 
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SS4 0 0 nm^i:cr)z:fI^C7)ffift©^©*fl5lO Hi-rc 

tffix^htt^iz. cn^® u-if7t^<iaiAz:c CD 

Ts CCD^jS^^^^2S{*U-1fgS*D VD^M^Tfe^tf 

VDs CD^ckl>'MDOl^■rtlCD^^^;t:^^63ti^b qJ&g 
tU^o {.iy^^. Zti^cD A IG a. A sm^^it^ly-^' 
LDls AlGa InP*4ia»«:U-"tfLD 2^'J:t>'G 
aN2^*aitt:b-1f LD4fis P-© S i CS« 2 ±C 

m^zti>^x^s i.tzti^^xDVD^mco^hmit^m^ 

[0 0 7 9 ] 113 o\tz0mn<Dm4<DnMJ{^m\zji^ 

[0 0 8 0 ] 133 otc^x-Tct^iCs z<D^4<Dmmmm 
Ccts^SM*»<*u-if^iitc:j3i^riis m^itcm 

:^i\L(Dmm\^(DS i CStS2±l::s ^:^?^ftyi)^6 0 0 n 
W^l^^ 6 5 0nm) 69 A 1 G a I n P^^^f* 
V-ifLD2hs ^3^7«SAS5 0 OnmSf 5 
15nm) <^ZnS e^s-*2if*b-+fLD 3 ^s 
Miy^^OOnrnm (Mi^U. 4 1 0 nm) <Z) G a 
a»i$:^-if LD4 h:6Ss Ufett^T*M«fb^ 

[0 0 8 1 ] Al Ga InP3F.4^2i<t^l/-1f LD 2{tm 

KDrnMrnm-r^m^tztimmti^m^ti^L. znsei^ 
i|£?ifj(; I. -if L D 3 2 (Dmmnmx^^tz t 

mmxm-<tztmmrdmm^^t^o 

[0 0 8 2 ] Z<Dm^. A 1 Ga I nP3Fs^«*l/-if 

LD 2(OpiPijmil2 8. Z n S e ^.4^ag{*:l/— if L D 3 
0pmm.mS 4^'ctl/GaN^*«@f5)3:lx-if LD 4 (Dp 

aimme sit. j^-j^-v^-:^ 3 o±tcsucm^fi5 

\Z^^%l.fz^mxm\-y^i\tz\i-Yiyy^'Al. H2*d 

[0 0 8 3 ] ±)di®ctdlCffl^^tVfcC:tD^4(D^a5Jf^ 

tit^ J: ^ miggy^agft b - if ^MtC:|o t^T s p tJ^S 

2 8 i:n#jmgi2 9 ^©F^icmM^^^^-T C (cj; DAI 
Ga lnPW.^'m\^\y-^l^J^2^mm't^Ztt^X 

pmn.mb 4 hn«mfii2 9 h(Dm\zm.m.'^'<ktz 

t\Z^^ Z nS e^^z@j*U-if LD 3 ^mmt^Zh 

i^x^. pmmme str\mn.®2 9 t(o?sizmm.im 

■rciltCct (3 GaN^^2ff{*U-if LD 4 ^^fj-T^C 
tifiX^ ^JiOlZfji^Xi^^o "^LXs AlGalnP 
^ili2Sf$U-1f LD 2 *B;gffi;-raC^(Cct t)J/Jcil- 6 0 0 
nm^? (fi^iJxi^s 6 5 0 nm) 0 U-if Tt^ITX (5 /ilT C 
^*5T-^s Zn S e^,^1i49f*W-if LD 3 ^SBffl/l-^C 
tizX^ifJ^mb 0 Onmr/ (f5^Jx.ii\ 5 1 5 nm) co b 
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4 1 Onm) (DU-V'^^m^thtCtt^-V^i^^O^ 
Wjt^fy". ZnS el^^a»frb-1f LD 3^^SftT^ 

o 

[ 0 0 8 4 1 ±a(Z)cJ;-5 U:mE&^ti:rcc:cDB4© 

[0085] ^-r. 03 1 IZTT^-r^olz^ S iCStg2 

iiei. n^Al GaN^-^ K® 6 2. n^GaNTfe 
z9?Sg6 3. fSttS6 4s p^GaN^29JSa6 5. p 
^AlGaN^5'«yh'Ji6 6^'<^t>*p§^GaNzi>3?^ 

6 7 ^feli^fiKT^^-yr-So C:^T-. I n^^tf^^Htl*: 
ST-$)Sffi<*»6 4(Z)Slc:^^gJg(i^JA«7 6 0"CgJSh 

I n^^^^^^lMiMGaN^N'y ^'riie Is nMA 
1 G aNi75>v KJi6 2. nSG aN^zgiftHe 3. p 
^G aN3fe^«S« 6 5. pMAlGaN^^^^;; K^e 6 
:HJiTfpMGaiNZ2>^ ^ hMG 7 (DfS.^U&U 10 0 

o'ciijg^-r^e 

[0 0 8 6 ] 113 1 tC^Nl-<t-5lC. fi?iJAI^C VD 

?il::J;t}p§^GaN=i>^^ M16 7 co^® tc^'J;l{^ S 
i 02 M^S iNM^i:^'t7)lfei^tM3 1 ^ff^^U;^cSs 

[ 0 0 8 7 ] 1113 2 tC/T^r.^^ ^e^tJK3 1 ^ 

ffitCJ:*? pMGaNn><$^^ hJi6 7. p^AlGaN 
^^•yKffl6 6. p^G a N^#?^tli 6 5. rSil/i 6 
4. n^G aN^^Si^ii 6 3. nS^ A 1 G a N ^ ^ K 
®6 2*5cJ:U'nMGaN>'^^v7 7Ji6 1 ^Jlg^*^ ^ > 

[0 0 8 8] 113 3 i>z^sT^oi,z. ^mms 1 ^ 

^>^'lZ^^mti^LtzS i CS«2<Dm®«Cn^G aA 
s>'^''y77'®2 Is nMA 1 Ga I nPt>-7 K@2 
2> ?S<4®2 3s pSAl Ga I nP^:7^.y K®2 4. 
pSlGa I nPct3F^H2 S :^ XUp!^0 3i A ^ r 

ii2 6 ^m^f&m^'^^o 

[ 0 0 8 9 ] mmmS l S:X-y5=->^P*3feL;t 

f^. {^fiJ;tii'C VDvilCct Op^GaAs^i''>7*/i2 6 
^3<fcI>'pSiGaN3>^^ hue 7<D:^tiStc{^Jx.<^ S i 

c<DttBm't^ y^y^izx 0 prj^yj^izmif^p^^^^ 
o.'>:<h'^^ym^iz^^^—=^>^'tho zo:>mm 

Bl^^ VX^ t UT pl§^A 1 G a I n P "7 -y b'lg 2 4 (0 
i?^?jnT]cDAiflTt?:)?l^^t::i: -y-r > t ^ Z tlZ ^ 
f3 3 4 (C/Txl'ct'^ (C. pMA 1 G a I n P -7 -y b'e 2 
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4(0±^. p32Ga I nP^^r^e 2 S^DcJitJ^p^GaA 

g^Ol^iBiJcDgii^ic. gS^fi^icnS^G a A sm^^t^s^S 2 
7i:7^-5nSGaAs^3 2 ?:?MtR£RS^ -i^-T^ltoii 

[0 0 9 0] ^tc. mz b\z^sr^o\z. m^\tcvj) 

JSlcJ:(3p^GaAs^-\"y7*@2 6. nSGaAs® 
3 2iocl:t>'p^GaNzi>^^h@6 7 C!):^:® tC^Jx 
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